Using a sample of 14 BeppoSAX and 74 Swift GRBs with measured redshift we tested the correlation between the intrinsic peak energy of the time-integrated spectrum, E p,i , the isotropicequivalent peak luminosity, L p,iso , and the duration of the most intense parts of the GRB computed as T 0.45 ("Firmani correlation"). For 41 out of 88 GRBs we could estimate all of the three required properties. Apart from 980425, which appears to be a definite outlier and notoriously peculiar in many respects, we used 40 GRBs to fit the correlation with the maximum likelihood method discussed by D'Agostini, suitable to account for the extrinsic scatter in addition to the intrinsic uncertainties affecting every single GRB. We confirm the correlation. However, unlike the results by Firmani et al., we found that the correlation does have a logarithmic scatter comparable
INTRODUCTION
Ten years after the first measurements of the cosmological distances to Gamma-Ray Bursts (GRBs) made possible by the BeppoSAX satellite (Boella et al. 1997) , the task of measuring the redshift either of their afterglow itself or of the host galaxy associated with a GRB remains challenging. In the era of the Swift spacecraft (Gehrels et al. 2004 ) the rate of GRBs with a measured distance has increased remarkably thanks to its rapid follow-up capabilities and its arcsec X-ray localisations promptly distributed for most GRBs. Yet, only for one third out of over ∼300 GRBs detected to date (April 2008 ) the redshift measurement is available. In the remaining cases, due to the combination of unfavourable observing conditions, such as high Galactic extinction or intrinsic faintness of the afterglow or unavailability of equipped telescopes especially with the NIR filters for high-z GRBs, the attempt is doomed to failure (e.g., see Fynbo et al., 2007) .
With respect to the long duration GRBs with known redshift, several correlations between intrinsic properties have already been discovered (e.g. see Schaefer & Collazzi 2007) . The interest in these correlations is twofold: they are a direct way to test the predictions of the emission mechanisms models and, in perspective, they could potentially be used as luminosity estimators. Among the most popular and debated examples, we mention the relation discovered by Amati et al. (2002) between the rest-frame peak energy of the high-energy νFν spectrum of the prompt emission, Ep,i, and the isotropic-equivalent radiated energy in the rest-frame 1-10000 keV energy band, Eiso, that shows a dispersion of the data points with σ log E p,i = 0.15 ± 0.04 . A tighter correlation has been found afterwards between Ep,i and the collimationcorrected radiated energy, Eγ, where the jet angle is derived from the time of the break in the afterglow light curve (Ghirlanda et al. 2004) . Both relations are still a matter of debate. Criticisms to the Ep,i-Eiso relation have been raised by Nakar & Piran (2005) and Band & Preece (2005) , who claim that the majority of GRBs with unknown redshift detected with CGRO/BATSE (Paciesas et al. 1999) are inconsistent with this relation. However, different results have been reported by other authors (Ghirlanda et al. 2005b ; Pizzichini et al. 2006 ). See for an updated review on this subject. In the case of the Ep,i-Eγ, what appears to be a crucial and often controversial task is the identification of the break (if any) in the afterglow light curve due to the jet (Panaitescu et al. 2006; Ghirlanda et al. 2007; Campana et al. 2007) . A similar and less model-dependent relation has been found between Ep,i, Eiso and the rest-frame break time of the optical afterglow light curve t b (Liang & Zhang 2005) .
Other correlations have been reported in the literature, such as that between the temporal variability of the time profile and the peak luminosity (Fenimore & Ramirez-Ruiz 2000; Reichart et al. 2001; Schaefer et al. 2001) . However, recent work based on larger samples proved that the dispersion of this relation is so large as to make it a useless luminosity estimator Guidorzi 2005; Rizzuto et al. 2007 ).
The correlation found by Norris et al. (2000) between peak luminosity and spectral lag (estimated by cross-correlating time profiles of the same GRB at different energy bands) appears to be a promising tool for identifying the short duration GRBs characterised by an initial spike, followed by a soft and long tail, which otherwise may look like long GRBs (Norris & Bonnell 2006) .
In this paper we focus on the correlation discovered by Firmani et al. (2006) involving three properties of the GRB prompt emission: Ep,i, the isotropic-equivalent peak luminosity in the rest-frame 1-10000 keV band, Lp,iso, and the smoothing timescale T0.45 as defined by Reichart et al. (2001) . This correlation (Lp,iso ∝ E 1.62 p,i T −0.49 0.45 ) was derived from a sample of 22 GRBs and was found to be very tight. This feature would make it an ideal luminosity estimator. In fact, if one assumes Eiso ∝ Lp,iso T0.45 and the validity of the Ep,i-Eiso relation, the above correlation follows straightforwardly.
We test the Ep,i-Lp,iso-T0.45 correlation using a larger sample (88) of GRBs with known redshift from BeppoSAX and Swift. In particular, we study Ep,i as a function of Lp,iso and T0.45 to compare its dispersion with that of the Ep,i-Eiso relation. In Section 2 we present our sample of GRBs; in Section 3 we illustrate the data analysis. In Section 4 we present and discuss our results.
THE GRB SAMPLE
The sample of 88 long GRBs with known redshift includes 14 GRBs detected by the Gamma-Ray Burst Monitor (GRBM; Feroci et al., 1997; Frontera et al., 1997; Costa et al., 1998) The shortest time binning available for the BeppoSAX/GRBM data was 7.8125 ms in the 40-700 keV energy band. For the Swift/BAT data the time binning was set to 64 ms in order to ensure a good signal-to-noise (SNR) ratio.
For the GRBM data we considered all the GRBs with known redshift that have a firm estimate of Ep,i as reported in and for which high resolution data were acquired (because of this, we excluded 980613, 011211). For 990510 we used the BATSE data with 64 ms time binning. For 000210 we considered the light curve as in Guidorzi et al. (2005) .
As far as BAT GRBs are regarded, we selected only the events whose γ-ray profile is entirely covered by BAT during the burst mode. Due to these selection criteria we rejected 050318, 050820A, 050904, 060218 and 060906. GRB 060124 was not included in the sample because only the precursor was recorded in burst mode (Romano et al. 2006) , while the main event was covered by the survey mode, whose coarse time resolution makes it unsuitable to our aim.
DATA ANALYSIS

T0.45
The smoothing timescale T f , defined by Reichart et al. (2001) for the calculation of the variability, is the shortest cumulative time interval covering the 100f % of the total counts above the background. The fraction f was set to 0.45 because it was originally found to maximise the correlation between variability and peak luminosity (Reichart et al. 2001) . A correct evaluation of T0.45 must fulfil the requirements found by Guidorzi et al. (2005) . For the BAT and GRBM GRBs already published, the values of T0.45 are consistent with those reported by Rizzuto et al. (2007) and Guidorzi et al. (2005) , respectively. The T0.45 of GRB 980703 reported in this paper differs from that reported by Guidorzi et al. (2005) and is consistent with that obtained by Reichart et al. (2001) on BATSE data. However, we verified that this had a negligible impact on the variability estimate obtained by Guidorzi et al. (2005) for this specific GRB.
T0.45 as function of energy
In our sample we have two data sets, one for GRBM events in the 40-700 keV band, the other for BAT events in the 15-150 keV band. Given that the value of T0.45 is dependent on the energy band used, we modelled this dependence with a power law, similarly to what originally done by Fenimore et al. (1995) , for the energy dependence of the autocorrelation function width.
We considered 284 Swift/BAT GRBs (all the Swift/BAT GRBs from January 2005 to April 2008 regardless of the redshift availability) and for each of them we calculated T0.45 in the four nominal BAT energy channels: 15-25, 25-50, 50-100 and 100-150 keV. We focused on the GRBs with an accurate value of T0.45 in, at least, three BAT energy channels. As a consequence, only 164 GRBs were selected. For each of them we modelled T0.45 with a power law: T0.45(E) ∝ E −ξ . Figure 1 shows the distribution of the power-law index ξ: this is consistent with being normally distributed around the mean value of 0.23 and σ = 0.15. We note that this dependence on energy is marginally less strong than that obtained for the autocorrelation function width by Fenimore et al. (2005;  power-law index of 0.4) with BATSE and fully consistent with the energy dependence of the autocorrelation function width found by Borgonovo et al. (2007) for a sample of 19 BeppoSAX GRBs. This is not surprising, given that the BAT energy band (15-150 keV) is somewhat between that of the BeppoSAX/WFC+GRBM (2-700 keV) and that of BATSE (> 25 keV).
In order to establish the best reference energy Er at which we have to estimate T0.45 in the rest frame (obtained dividing the observed T 0.45,obs by (1+z)), for all GRBs in our sample we adopted the following approach. Given that T 0.45,obs of each GRB is mostly dominated by photons with energies close to their mean energy, for each GRB i in our sample we first determined its rest-frame mean energy Em,i. The best rest-frame energy Er was obtained by performing a logarithmic mean of the derived Em,i, finding for the entire sample a value Er = 145 keV. The values of T0.45 at this energy are reported in Table 1 . 
Testing the
E p,i -L p,iso -T 0
Ep,i
For each GRB in our sample we evaluated the rest-frame peak energy Ep,i of the E F (E) time averaged spectrum. For the BeppoSAX GRBs we considered the approach followed by Amati et al. (2002) , i.e., we fitted the spectra with a smoothly joined power-law proposed by Band et al. (1993) , whose parameters, in addition to the normalisation, are the break energy E0, and the low and high energy indices α and β, respectively. For the Swift/BAT GRBs, to obtain a firm estimate of Ep,i the above approach was not always possible because of the relatively narrow BAT energy band. Therefore, when available, we adopted the Ep,i values obtained for the same GRBs with the Konus/WIND experiment. In the other cases, we used the values derived from the BAT spectra averaged over the T90 interval. The estimated values or their upper/lower limits are generally quite consistent with those reported by Butler et al. (2007) and Sakamoto et al. (2007) .
We also checked other integration times of the BAT spectra, e.g., time intervals based on a significance threshold with respect to the background for each GRB, finding photon indices slightly softer than those reported in Table 2 , but the statistical quality of the spectra was worse.
Lp,iso
The GRB peak luminosity, Lp,iso, in the source cosmological restframe 1-10000 keV energy band is given by:
where Φ(E) is the measured spectrum at the peak (ph cm −2 s −1 keV −1 ), DL is the luminosity distance at redshift z (using H0 = 71 km s −1 Mpc −1 , ΩM = 0.27 and ΩΛ = 0.73) and E is the energy expressed in keV.
Depending on the morphology of the main pulse (e.g. smooth or spiky), the peak flux, and thus Lp,iso, may vary up to a factor 1.5-2 when different time scales are considered for its computation (e.g., from the commonly used 1 s to 64 ms time scale). It must also be noted that a fixed time scale in the observed light curve corresponds to different rest-frame time scales for GRBs at different redshifts, thus providing peak luminosities computed in an inhomogeneous way. In addition, the spectral shape at the peak is often uncertain, because of the low statistical quality of the data and/or the limited number of channels and integration times for time resolved spectra provided by instruments. This is particularly true for Swift/BAT, because of its narrow energy band, and for BeppoSAX/GRBM, which provided time resolved spectra only in 2 channels and with a time resolution of 1 s.
We computed the peak luminosities of the GRBs included in our sample by following three different methods. First of all, in order to perform a comparison between our and their results, we followed the same method used by Firmani et al. (2006) . We extracted the peak spectrum integrated over 1 s and fit it with a Band model in which α, β and E0 were frozen to the best-fitting values obtained for the spectrum averaged on the entire GRB time profile, while the normalisation was left free to vary. This method is the most commonly used in the literature, e.g., in works studying the Lp,iso-Ep,i correlation (Ghirlanda et al. 2005a; Yonetoku et al. 2004) . We call this "1 s" time scale method.
In the second case, we computed Lp,iso using for each GRB the spectrum integrated over the shortest time interval around its peak so as to have a significant number of counts for each energy channel. The spectrum was then fit by still freezing α, β and E0 to the corresponding values of the time-averaged spectrum, as done for the previous method. We call this "variable" time scale method.
We also attempted to evaluate Lp,iso by fitting the spectrum integrated over the variable time scale, as above, with all the spectral parameters left free to vary. In principle this should be the best method for the peak luminosity estimate. However, the statistical quality of these spectra, their narrow energy passband (in the case of BAT), the low number of channel spectra above 30 keV (in the case of GRBM) did not allow to get well constrained estimates of the GRB peak luminosity.
In the following text, in the Tables and in the Figures we call the peak luminosities computed with the two different methods described above as Lp,1s and Lp,var, respectively. The results of both methods are reported in Table 1 .
RESULTS
In order to study the dependence of Ep,i on both Lp,iso and T0.45, we first used the 40 GRBs in our sample (see Table 1 ) for which we have a firm determination of of Ep,i, Lp,iso and T0.45. We applied the maximum likelihood method (hereafter MLM) discussed by D'Agostini (2005) extended to three variables. This method, already adopted by us for other correlation studies (see Guidorzi et al. 2006; , is the best tool to take into account, in addition to the statistical uncertainty in the parameters, the so called extrinsic (or external) scatter, that is the scatter due to the presence of unknown variables that influence the correlation to be tested.
We modelled the correlation among Ep,i, Lp,iso and T0.45, according to the equation log (Ep,i) = a log (Lp,iso) + b log (T0.45) + q
where the four parameters a, b, q and the extrinsic scatter σ log E p,i are free to vary in the fit. The best-fitting parameters so obtained, for each of the two peak luminosity estimates, are reported in Table 2 , together with their uncertainties (at 90% confidence level), and the best fit χ 2 and chance probability. As can be seen from this Table, for both Lp,1s and Lp,var estimates of Lp,iso, we find a significant value of extrinsic scatter, as displayed in Fig. 2 . This result is confirmed by the fit of the data with Eq. 2, freezing σ log E p,i to 0. The resulting fit, also reported in Table 2 , is highly unacceptable.
GRB 980425 was found not to follow at all the correlation, as in the case of the other relations, such as the Ep,i-Eiso , the lag-luminosity (Norris et al. 2000) and the variabilityluminosity (Reichart et al. 2001) ones. This GRB is also peculiar for several aspects, such as its being subluminous and its association with SN1998bw, thanks to which it was possible to measure its relatively close (∼ 40 Mpc) distance. Therefore, like Firmani et al. (2006) , we did not include it in the sample used to derive the fit results in Table 2 , and we focused on the canonical long-duration GRBs and XRFs which are known to follow all of the main correlations. If we include GRB 980425 in the sample, its contribution to the dispersion of the correlation is remarkable: in the Lp,1s case, the extrinsic scatter passes from 0.15 Moreover, we applied the MLM also to the subsample of 27 Swift GRBs with determined Ep,i, T0.45 and Lp,iso. The results, reported in Table 2 , clearly show that also in this case the extrinsic scatter, σ log E p,i = 0.17±0.04 (Lp,1s), is fully consistent with that derived from the entire sample and far from being negligible. This proves that the extrinsic scatter is a property of the correlation itself and not an artifact of merging data sets from different instruments.
Including all GRBs in our sample, the data points are shown in Fig. 3 , where we report also the best fit relation between Ep,i, Lp and T0.45 in the case of the Lp,1s estimate and with the extrinsic scatter taken into account. As can be seen from this figure, in addition to many lower or upper limits to Ep,i potentially consistent with the correlation, a few of them clearly deviate by more than 2σ from the best fit model.
In order to understand the origin the extrinsic scatter, we studied the distribution N (ζ) of the normalised deviation of the measured log Ep,i from the values expected on the basis of the best fit curve (Eq. 2) in two cases, i.e., by including or excluding the found extrinsic scatter σ log E p,i : Figure 4 shows the result in the case of the peak luminosity estimate Lp,1s. When the extrinsic scatter is taken into account, the resulting distribution (shaded histogram) is consistent with a normalised Gaussian, consistently with the picture of an extrinsic scatter characterising the correlation itself. Instead, assuming no extrinsic scatter (σ log E p,i = 0), we find an histogram (see the thick line in Fig. 4) clearly inconsistent with the normalised Gaussian. In addition to seven apparent outliers lying > 3 σ off (071020, +5.5 σ; 000210, +4.4 σ; 071117, +3.9 σ; 050922C, +3.8 σ; 050525A, −5.2 σ; 061007, −4.0 σ; 010222, −4.0 σ), others GRBs contribute to broaden the histogram, making it inconsistent with a normalised Gaussian.
We have carefully checked the adopted estimates of Ep,i, σ is the best-fit value found for σ log E p,i . The empty diamonds show the three Swift GRBs, 070506, 070611 and 070810A, for which we constrained E p,i but which were not used to fit correlation (see text).
Lp,iso and T0.45 attributed to the outliers, finding that have they are robust. For example, in the case of GRB 000210 (a BeppoSAX GRB) we confirm the correctness of the attributed values. In the case of GRB 050525A, the accurate estimate of Ep,i was provided by the Konus/WIND experiment and we see no reason to reject it. Similar results are obtained when the same analysis is performed using Lp,var as peak luminosity estimate.
DISCUSSION
After the discovery by Firmani et al. (2006) of a correlation among the rest frame quantities Ep,i, Lp,iso, and T0.45, obtained with a sample of 22 GRBs ('Firmani' relation), using a larger GRB sample (88 GRBs with known redshift detected by BeppoSAX and Swift) the correlation has been re-tested. By ignoring the outlier GRB 980425 and 47 GRBs for which only upper/lower limits to Ep,i were possible to be established, we confirm the correlation with only slightly different best-fitting parameters (see Table 2 ). However, unlike Firmani et al. (2006) we find a a significant extrinsic dispersion of the data points around the best fit curve, parametrised by the σ log E p,i value reported in Table 2 , that denotes the presence of an unknown variable (see D'Agostini 2005). This scatter is found to be independent of the time integration of the measured spectra (either 1 s for all GRBs or variable from a GRB to another depending on the light curve shape and statistical quality) used to estimate of Lp,iso.
It is also apparent from the χ 2 /dof reported Table 2 , that assuming a null extrinsic scatter gives unacceptable results. We have analysed the origin of the extrinsic scatter and found that, in addition to seven clear outliers, other GRBs contribute to the found dispersion. From a detailed analysis of the data available for each of the 40 GRB included in our reduced sample, we cannot find any reason to infer that some of the estimates reported in Table 2 is unreliable. Furthermore, as can be seen in Fig. 3 , also some GRBs with only upper/lower limits deviate form the best fit curve by more than 2 σ. Thus, the distribution of GRBs in the correlation plane found by us is not as tight as that found by Firmani et al. (2006) using a smaller sample of 22 events.
On the basis of the reported results, we derive an interesting consequence. Taking into account that, in the Ep,i, Lp,iso, T0.45 multivariate correlation, the best-fitting power-law indices for Lp,iso and T0.45 (see Table 2 ) are both consistent with 0.5, we infer that the Firmani relation can be approximately written as
That renders the Firmani relation equivalent to the Ep,i vs. Eiso relation discovered by Amati et al. (2002) . Also the obtained extrinsic scatter is consistent with that of the Amati relation ). In conclusion, it seems that the Firmani relation does not provide more information than that contained in the Amati relation. It is expected that the future joint observations by Swift and GLAST will provide a sizable set of GRBs with firm measures of all the required observables, thus allowing to refine the estimate of Table 1 . The GRB sample: T f =0.45 (at the rest-frame energy of Er = 145 keV), the intrinsic peak energy, Ep,i, and the peak luminosities Lp,1s and Lp,var. 
